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Quality Improvement Using the AUC: Is it This Easy?*
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tThe rapid increase in cardiac imaging services
throughout the 1990s was the source of increasing
concern on the part of third-party payers. In re-
sponse, the American College of Cardiology Foun-
dation, working with other partners, developed a
series of appropriate use criteria (AUC) for cardiac
imaging modalities as well as coronary revascular-
ization. These AUC were intended to provide
guidance to practicing clinicians about specific pa-
tient situations and to allow them to potentially
compare their own practices with published data
See page 545
and national benchmarks in an effort to reduce
inappropriate imaging. Published data regarding
the use of AUC in quality improvement projects are
scant and, until recently, focused on AUC for
single-photon emission computed tomography im-
aging (1) and coronary computed tomography an-
giography (2). In this issue of iJACC, Bhatia et al.
(3) report on a successful quality improvement
project using the transthoracic echocardiography
AUC to reduce the rate of inappropriate transtho-
racic echocardiograms (TTEs) ordered by medical
house officers on the teaching general medical
service at Massachusetts General Hospital. Using
an intervention that consisted of a lecture regarding
the AUC for transthoracic echocardiography, a
pocket card applying these AUC to common sce-
narios, and biweekly feedback on ordering behavior
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to disclose.ia e-mail, these investigators reduced the number
f inappropriate TTEs from 13% to 5% (p 
.001). The authors are to be congratulated for their
mplementation of a successful quality improve-
ent project.
On the basis of this project, it is tempting to
onclude that simple educational tools will dramat-
cally reduce the rate of inappropriate imaging
tudies and thereby increase the value of cardiac
maging. However, as evidence-based clinicians, we
ould like to respectfully offer several caveats re-
arding both the internal and external validity of
hese findings. Do the data presented justify the
onclusions (i.e., are they internally valid)? The
lassification of the TTEs was performed indepen-
ently by 2 study investigators who were therefore
nblinded during the intervention period and knew
hat the study was designed to show improvement.
he paper reports that these investigators never
isagreed in the classification of 345 TTEs; they
herefore had a kappa value of 1.0, representing
erfect agreement. In contrast, Ballo et al. (4)
eported a kappa value of 0.83 in 931 patients, and
ggarwal et al. (5) reported an even lower kappa
alue of 0.55 in 529 patients. The authors report
hat they were able to perform “data collection,
lassifications of TTEs, and feedback to house staff
n 25 hours.” They do not indicate whether this was
total time for all investigators or for each investi-
ator. Assuming the latter and that each investigator
pent 80% of his or her time on classification of
TEs, each had 1,200 min to classify 345 patients
r 3.5 min per patient, which seems remarkably
hort compared with our own experience. The
uthors’ description of their classification system
ists very few assumptions with respect to overlap-
ing indications or the order of application of
ables, which have clearly concerned other investi-
ators applying the AUC for echocardiography (4).
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557We are concerned that this perfect agreement, as
well the speed of classification, may reflect the use
of standardized language by ordering house staff to
ensure that an echocardiogram was categorized as
appropriate rather than a true change in the rate of
inappropriate echocardiograms.
The authors compared their intervention period
of February to June with January to November of
the preceding year. House staff in the second half of
any academic year may potentially perform better
than in the first half of the year, which may have
contributed to the authors’ positive finding. Obvi-
ously, the physicians who were ordering studies
during the pre-intervention period were different
physicians from those in the intervention period,
another uncontrolled factor. External forces, such as
increasing public discussion of health care reform,
may have improved physician performance inde-
pendent of the authors’ educational intervention.
We showed this effect previously (1) and argued for
the importance of “contemporary controls” to make
certain that measured effects are actually due to the
quality improvement project rather than external
forces. The rate of admissions to the medical
services decreased significantly between the pre-
intervention period (16.8 per day) and the interven-
tion period (13.9 per day), a 17% decrease that may
have decreased the “time pressure” on the medical
house staff and also improved their ordering pat-
terns. The 26% reduction in the number of TTEs
ordered per day reported by the authors must be
adjusted for the reduction in the number of admis-
sions; the result is a less impressive 10% reduction
in TTEs ordered per day per admission.
Based on these concerns, we are not certain that
the measured improvement in appropriateness can
be solely attributed to the educational intervention
project initiated by the authors. Changes in the
external environment, the rate of admission, and
the use of standardized terminology by the house
staff may have contributed substantially to the
measured improvement.
If the authors are correct, and their educational
effort was primarily responsible for the measured
improvement, will similar educational efforts suc-
ceed in other settings? As acknowledged by the
authors, the generalizability of their results, which
focused on medical house staff, to older physicians
who have completed training is questionable. We
agree with the authors; such older physicians may
have more ingrained practice patterns and resent
“being told what to do.” During our own unsuc-
cessful practice improvement project at the MayoClinic (1), we heard this direct quote on several
occasions. A more recent study also failed to dem-
onstrate a significant change in appropriateness
ratings of stress echocardiograms ordered by cardi-
ologists after an educational initiative consisting of
a cardiology grand rounds lecture, printed stress
echocardiogram AUC materials, and a follow-up
e-mail (6). Multiple components and strategies are
necessary for successful intervention, only some of
which were used here (7). It is possible that the
residents had an incentive (such as a favorable
evaluation) to reduce their ordering of inappropriate
studies. The successful quality improvement project
on coronary computed tomography angiography in
Michigan (2) included a major financial incentive.
It may be difficult for other quality improvement
projects to identify and use similar incentives. The
investigators used timely feedback in the form of
biweekly e-mails. This is very time-consuming and
feasible only if the ordering frequency on the part of
individual physicians is quite high during the period
in question. It may be far more difficult to use in an
outpatient noncardiology practice where TTEs are
ordered less frequently. Finally, the echocardiogra-
phy AUC do not include patient scenarios reflect-
ing the class III indication for echocardiography
from the 2011 American College of Cardiology
Foundation/American Heart Association Stable
Ischemic Heart Disease Guideline: “Echocardiog-
raphy, radionuclide imaging, CMR, and cardiac
CT are not recommended for routine assessment of
LV function in patients with a normal ECG, no
history of MI, no symptoms or signs suggestive of
heart failure, and no complex ventricular arrhyth-
mias.” We cannot tell how many of the echocar-
diograms performed in this study and labeled as
appropriate fell within the scope of this class III
recommendation. In a practice setting where many
such unnecessary echocardiograms are performed, a
quality improvement project focused on the echo-
cardiographic AUC may miss a large number of
unnecessary, low-value echocardiograms.
What can an evidence-based clinician conclude
from this study? Quality improvement efforts fo-
cused on the AUC may possibly succeed using
modest educational interventions, particularly if
they are focused on physicians in training, who may
be more flexible in their behavior. However, the
success of such interventions with older physicians
with more established patterns of behavior is not
guaranteed. Whenever possible, quality improve-
ment projects should be designed with a control
group to make certain that the external environ-
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558ment and the workload in the internal environment
are not independently responsible for any favorable
measured change. Prompt feedback is important,
although this may be logistically difficult in outpa-
tient settings with a low frequency of tests. Incen-
tives, such as favorable evaluations for residents or
financial incentives surrounding reimbursement, are
potentially important to success. Despite these de-Weiner RB. An educational interven-
4
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2010;23:2677–74.clinical practice community make every effort to
improve the value of imaging using quality im-
provement projects such as this one.
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